Long Bay hypoxia study:  A collaborative and multidisciplinary approach by Sanger, Denise et al.
 LONG BAY HYPOXIA STUDY: A COLLABORATIVE AND MULTIDISCIPLINARY APPROACH 
 
Denise Sanger,* S.C. Sea Grant Consortium 
M. Richard DeVoe, S.C. Sea Grant Consortium 
Debra Hernandez, Southeast Coastal Ocean Observing Regional Association 
 
The nearshore waters along the Myrtle Beach area are oceanographically referred to as Long Bay.  Long Bay is the 
last in a series of semi-circular indentations located along the South Atlantic seaboard.  The Bay extends for 
approximately 150 km from the Cape Fear River in North Carolina to Winyah Bay in South Carolina and has a 
number of small inlets (Figure 1).  This region of the S.C. coast, commonly referred to as the “Grand Strand,” has a 
significant tourism base that accounts for a substantial portion of the South Carolina economy (i.e., 40% of the 
state’s total in 2002) (TIAA 2003).  In 2004, the Grand Strand had an estimated 13.2 million visitors of which 90% 
went to the beach (MBCC 2006).  In addition, Long Bay supports a shore-based hook and line fishery comprised of 
anglers fishing from recreational fishing piers, the beach, and small recreational boats just offshore.   
 
 
 
Hypoxia or episodes of depleted oxygen levels in the water column (< 2 mg/L or approximately < 28 % saturation) 
occurred along the Grand Strand portion of Long Bay in the summer of 2004.  From the limited information 
available, the July 2004 hypoxia event started on July 15th and continued until approximately July 23rd, 2004 with 
reports of flounder (a bottom fish) being landed on piers in the area at an unprecedented 20 fish/day/person catch 
limit.  In addition, flounder were observed at the surface and people were able to cast net them from some of the 
piers.  This anomalous flounder behavior and exceptionally high landings were not explained until July 20th, 2004 
when the bottom water at Springmaid pier (centrally located along Long Bay) was observed to be hypoxic and the 
water column stratified.  Information regarding this event was slow to travel to natural resource management and 
academic communities with limited direct sampling having occurred.  These communities raised the possibility that 
three new stormwater ocean outfalls and two sewage spills may have been responsible; however, it quickly became 
apparent that it was impossible to even begin to understand the event without a thorough review of all data and 
anecdotal information related to the event.   
  
Therefore, a workshop was held in September 2004 to bring together resource managers and scientists from federal, 
state, and local entities as well as academic researchers to discuss what was known about the July event and 
determine if a cause could be identified or factors could be eliminated from consideration.  At the time of this event, 
the research and management communities were left with many unanswered questions, but were intrigued with the 
possibility that the event could have been caused, at least in part, by the convertion of many of the over 100 beach 
stormwater outfalls into ocean outfalls. These ocean outfalls are being located in the area where hypoxia was 
observed.   
  
Several factors were raised at the workshop, including the presence of an anomalously low temperature, significant 
vertical stratification in the water column, a period of upwelling-favorable winds that coincided with an 
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 “anomalous” water-cooling, and a stratified water column.  Although workshop participants agreed that any 
combination of natural and/or anthropogenic factors could have influenced the nearshore development of hypoxia in 
Long Bay, it was recognized that (1) little was known about the relative importance of each factor, and (2) no 
readily accessible, comprehensive sources of historical and ongoing monitoring data existed to make initial 
assessments. Therefore, workshop participants developed a conceptual model to describe the potential causes 
(Figure 2) and proposed three central hypotheses, which are not mutually exclusive:  
 
1) Nearshore hypoxic events in Long Bay are naturally-occurring events correlated with Gulf Stream 
intrusions, upwelling-favorable winds, and heat-induced water column stratification;  
2) Following periods of locally heavy rainfall, nearshore hypoxic events in Long Bay are correlated 
with local stormwater discharges; and  
3) Following periods of regionally heavy rainfall, nearshore hypoxic events in Long Bay are 
correlated with discharges from local rivers and estuaries. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
As a result of the initial workshop, a Long Bay Working Group (LBWG) was created through a partnership 
involving scientists and managers from academic institutions and government agencies.  The complex nature of the 
problem has required the engagement of a multidisciplinary group of scientists and managers, including physical 
and chemical oceanographers, ecologists, geologists, and fisheries and coastal zone managers, among others.  
 
The LBWG represents an innovative, multi-partner approach to understand, manage, and integrate complex 
information from multiple sources to address a serious environmental issue.  The goals of the group are to: (1) 
coordinate and work together to solve the questions identified in a collaborative setting despite the fact that different 
researchers are funded by different entities; (2) work together to seek funding as a group or in sub-groups; and (3) 
disseminate the information to stakeholders when appropriate.  LBWG members include scientists and managers 
from the S.C. Sea Grant Consortium, S.C. Department of Health and Environmental Control (SCDHEC)-Office of 
Ocean and Coastal Resource Management, SCDHEC-Environmental Quality Control, University of South Carolina, 
Coastal Carolina University, S.C. Department of Natural Resources, North Inlet-Winyah Bay National Estuarine 
Research Reserve Program, University of North Carolina-Wilmington, NOAA Center for Coastal Monitoring and 
Assessment, and NOAA Hollings Marine Laboratory. 
 
This multi-state and multi-agency collaboration has led to a wide range of research and monitoring efforts, 
including: real-time monitoring of water quality, numerical modeling, spatial water quality assessments, process-
oriented studies of pelagic respiration and microbial metabolism, and groundwater inputs.  These efforts were 
beginning to provide an understanding of the system; however, another significant hypoxia event was observed last 
summer (August of 2009) and has provided further opportunities to study and understand this phenomenon. 
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 This time, the Long Bay Working Group was able to quickly respond to this event with a variety of research and 
monitoring efforts, albeit with very limited resources as this effort has not receive any direct funding.  Data have 
been collected, including measurements of living marine resources such as fish and phytoplankton, nutrients, 
organic matter, currents and wind, and water chemistry.  In addition, remotely sensed data, including sea surface 
temperature and chlorophyll, have been evaluated.  The information collected during the event is currently being 
evaluated to determine if the current understanding will change.  One workshop has been held and another is being 
planned to continue discussions on the recently acquired information.  In addition, the LBWG continues to seek 
funding to further the evaluation of hypoxia in Long Bay. 
 
Ensuring effective science and management interaction is a difficult endeavor.  All too often research projects are 
one-sided with scientists saying they will inform the decision-makers of their research once they have completed 
their work; however, creating an effective and ongoing communication process between scientists and decision-
makers would enhance the relevance of research information to decision-makers and that the decision-makers could 
better understand the implications and limitations of the research.  In the case of the LBWG and its collaborative 
hypoxia work, several factors or themes were found to be important: (1) there is genuine interest by scientists and 
managers to collaboratively work across disciplines; (2) there is a strong commitment by agency leadership, 
decision-makers, and researchers to create a successful communication process; (3) there is an improved 
understanding of how science and management are performed; (4) decision-maker input in development of research 
projects has been enhanced; (5) networking among researchers and managers has been fostered; and (6) resources 
for facilitation were committed to ensure that the researchers and decision-makers communicated effectively 
(Sanger et al. in review).   
 
The ultimate success of this project lies in improved coordination and communication among diverse and 
complementary coastal research and management agencies and institutes in South Carolina (and recently in North 
Carolina as well).  The current research as well as additional investigative efforts will be needed to tease out the 
complex dynamics that define the coastal zone in Long Bay, and thus the factors that affect the development of 
hypoxia in its nearshore waters.  The likelihood of a hypoxia event in the future is high considering coastal hypoxia 
has been increasing in frequency, duration, and extent worldwide over the last three decades (Diaz and Rosenberg 
1995, Wu 2002, Diaz and Rosenberg 2008, Conley et al. 2009).  While many questions still remain, collaboration 
rather than competition describes how communication among managers and scientists in the region regarding 
hypoxia events in Long Bay is working.   
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